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Abstract: 

A method and apparatus for synchronizing unrelated reference signals 
originating from two or more sources at different locations, which signals may be 
in different signal formats and/or subject to different delays at the receiving 
station. A master generator having an absolute time input from a highly stable 
time source generates a master reference signal having a frequency that is a 
common multiple of the frequencies of the unrelated reference signals. A counter 
is implemented from an arbitrary initial time point and the time elapsed from the 
initial time point to a synchronizing event is periodically encoded into the master 
reference signal as time code data. A slave generator associated with each 
information signal is genlocked to the master reference signal, and the time code 
data is encoded into the slave reference outputs. Each synchronizing event is 
thus associated with time code data specifying the absolute time of the 
synchronizing event, which can be inserted into an upstream position in the slave 
reference output associated with the information signal. Thus, two signals 
originating from different locations can be precisely synchronized so that 
transmission from one source to the other is synchronous and signal timings are 
known in advance. 
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(57, Mdthodc el apparcil de synchronisation de signaux 
de reTe>ence non lids provenant de deux ou plusieurs 
sources situies en des endroits diffdrents, ces signaux 
peuvenl differcr par leur format et (ou) par leur retard a 
la station receptrice Un generateur principal ayant une 
entree de temps absolu provenant d'une source de temps 
hautement stable genere un signal de reference principal 
dont la frequence est un multiple commun des 
frequences des signaux de reference independents. Un 
compteur encre en fonction a partir d'un moment initial 



(57, A method and apparatus for synchronizing unrelated 
reference signals originating from two or more sources at 
different locations, which signals may be in different 
signal formats and/or subject to different delays at the 
receiving station. A master generator having an absolute 
time input from a highly stable time source generates a 
master reference signal having a frequency that is a 
common multiple of the frequencies of the unrelated 
reference signals. A counter is implemented from an 
arbitrary initial time point and the time elapsed from the 
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arbitraire ct le temps ecoule entre ce moment initial et un 
evenement de synchronisation est penodiquement code 
dans le signal de reTe'rence principal sous la forme de 
donnees de code temporel. Un gdnCrateur asservi associe 
a chaque signal d'information est verrouille a la 
synchronisation du signal de reference principal, et les 
donnees de cixle temporel sont codees dans les sorties de 
reference asservies. Chaque evenement de 
synchronisation est ainsi associe a des donnees de code 
temporel indiquant le temps absolu de Tenement de 
synchronisation, qui peuvent etre inserees en amont dans 
la sortie de reference asservie associee au signal 
deformation. Ainsi, deux signaux provenam 
d'emplacements diffe>ents peuvent etre synchronises 
prccisement pour que la transmission d'une source a 
Tautre soit synchrone et que * temporisation des signaux 
soient connue d'avance. 



initial time point to a synchronizing event is periodically 
encoded into the master reference signal as time code 
data. A slave generator associated with each information 
signal is genlocked to the master reference signal, and 
the time code data is encoded into the slave reference 
outputs. Each synchronizing event is thus associa ed 
with time code data specifying the absolute time of tV 
synchronizing event, which can be inserted into an 
upstream position in the slave reference output 
associated with the information signal. Trius, two signals 
originating from different locations can be precisely 
synchronized so that transmission from one source to the 
other is synchronous and signal timings arc known in 
advance. 
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Abstract 

A method and apparatus for synchronizing unrelated reference 
signals originating from two or more sources at different locations, which signals 
may be in different signal formats and/or subject to different delays at the 
receiving station. A master generator having an absolute time input from a 
highly stable time source generates a master reference signal having a frequency 
that is a common multiple of the frequencies of the unrelated reference signals. A 
counter is implemented from an arbitrary initial time point and the time elapsed 
from the initial time point to a synchronizing event is periodically encoded into 
the master reference signal as time code data. A slave generator associated with 
each information signal is genlocked to the master reference signal, and the time 
code data is encoded into the slave reference outputs. Each synchronizing event is 
thus associated with time code data specifying the absolute time of the 
synchronizing event, which can be inserted into an upstream position in the slave 
reference output associated with the information signal. Thus, two signals 
originating from different locations can be precisely s^dironized so that 
transmission from one source to the other is synchronous and signal timings are 
known in advance. 
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Field of Inyppfj^n 

This invention relates to the processing of signals. In particular, this 
invention relates to a method and apparatus for synchronizing unrelated 
reference signals associated with information signals originating from two or 
more sources at different locations and/or in different formats. 

Backeround of the T n y«>ntiftn 

Composite and component video and audio equipment frequently 
utilizes an external reference signal for synchronizatioa The use of a reference 
signal is particularly important in the case of digital video and audio signals, 
where the reference signal serves to avoid buffer management problems, manage 
jitter and maintain a defined relationship between video and audio signals. 

A reference signal is produced by a sync generator which contains a 
crystal-controlled highly stable oscillator that generates a signal of the same 
frequency as an information signal, for example a video or audio signal, but with 
precise riming signals that are not subject to frequency drift or time base errors 
which might affect the information signal. For example, in the case of a colour 
video signal the sync generator generate horizontal sync, vertical sync, colour 
reference, burst flag and blanking pulses, typically as a colour black reference 
signal, at precise intervals corresponding to the nominal specifications for the 
format of the particular signal being processed. North American colour television 
signals conform to the .VTSC standard with a colour subcarrier frequency of 
3.579545 MHz to produce 60 fields per second, or 30 frames of 525 interlaced 
horizontal lines per frame, while most European colour television signals 
conform to the PAL standard with a colour subcarrier frequency of 4.43361875 
MHz to produce 50 fields per second, or 25 frames of 625 interlaced horizontal 
lines per frame. 

There are many situations in which signals from sources at different 
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locations must be integrated or combined/for example a video signal and its 
associated audio signal, where for example an NTSC video signal received from a 
satellite feed or microwave repeater relay network may have its associated audio 
signal transmitted to the broadcast facility over land lines. In other cases a remote 
video feed may be integrated with a local video signal, for example in a news 
broadcast or a live interview between the broadcast facility and a remote location. 

In a typical broadcast facility video signals originating from within 
the broadcast facility are genlocked to the reference signal generated by a master 
generator, which provides a common timing reference for aligning the various 
signals, as is well known. Frame synchronizers compare the timing of sync, burst 
flag etc. pulses in the reference signal with the timing of corresponding pulses in 
the various video signals, and where a timing difference exceeds a preselected 
tolerance the frame synchronizer either repeats a frame or drops a frame to 
compensate for the phase offset of the information signal. 

However, a problem arises when it becomes necessary to combine 
information signals originating from sources at different locations. The lengths of 
the signal paths may differ, for example where a video signal is relayed via 
satellite and its associated audio signal is transmitted over land lines, which 
causes a delay differential between the signals, or independent video signals 
containing information relating to a common event, for example a local 
interviewer interviewing a person at remote location, or a panel discussion 
between panelists in different cities, will arrive at the boadcast facility at different 
times if the signal paths differ. Each remote signal source may be locked to an 
independent reference signal, which may not be in precise alignment with other 
unrelated reference signals or the reference signal used by the broadcast facility. 

Additional problems arise in the case of signals having different 
formats, for example an NTSC video signal and a PAL video signal. Video signals 
must be in the same format in order to be combined or integrated into a single 
broadcast, and the conversion of one signal to the format of another signal causes 
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a delay in the converted signal which results in, or exacerbates, a delay differential 
between the signals, and the reference signals associated with these video signals 
are incompatible with one another. 

Devices for synchronizing frames between signals of having different 
formes, for example a video signal and its associated audio signal, are known. 
However such devices operate by aligning frame boundaries, ie. aligning line 1, 
field 1 of one video signal with line 1, field 1 of another video signal in the same 
format, or aligning signals to a reference signal, to the nearest frame boundary. 
This is a much more complex problem in the case of signals having different 
formats. Moreover, frequently the extent of the delay differential between signals 
originating from different locations extends to many frames, and there has 
heretofore been no satisfactory method for aligning such signals by information 
content. 

Using conventional methods signals from sources at different 
locations can often be frame-aligned, but human intervention (largely reliant 
upon the experience of skilled technicians and a considerable amount guesswork) 
has been necessary to content-align multiple signals. Thus, a video signal and its 
associated audio signal must be aligned to avoid so-called "lip-sync" errors, or two 
video signals which contain related information such as an interactive 
conversation between persons at disparate locations must be aligned so that the 
resulting integration appears to flow without unnatural pauses or delays. 

The invention provides a method and apparatus for aligning 
unrelated reference signals originating from two or more scurces at different 
locations and /or in different signal formats, which reference signals may be 
subject to different delays at the receiving station. According to the invention, an 
arbitrary point in time is selected as an initial time point (t=0) and all unrelated 
reference signals clock edges and phase relationships are deemed to be in 
alignment or at a "zero point" as at the initial time point. All synchronizing 
signals are thus aligned to a defined and standardized starting point. 
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A master generator having an absolute time input from a highly 
stable time source, for example an atomic clock or the Global Positioning System 
(GPS), generates a master reference signal having a frequency that is a common 
multiple of the frequencies of the information signals. A time counter, which 
may be resolved to the order of picoseconds, is implemented from the initial time 
point and the time elapsed from the initial time point is periodically encoded into 
the master reference signal as time code data, for example multiple bit words 
consisting of an integer part that denotes the number of seconds and a fractional 
part that denotes the number of fractional seconds that have elapsed since the 
initial time point. 

A slave generator associated with each information signal is 
genlocked to the master reference signal, and the time code data is encoded into 
the slave reference outputs. The various information signals are locked to their 
respective slave reference outputs. Each synchronizing event is associated with 
time code data specifying the absolute time (relative to the initial time point) of 
the synchronizing event, which is inserted into an upstream position in the slave 
reference output of the affected information signal, for example in the case of an 
NTSC or PAL video signal, into the vertical blanking interval of the previous 
frame. 

Multiplying the frequency of each signal by the time elapsed between 
the initial time point and any later point in time provides the number of cycles 
and partial cycles of each signal that have been generated up to the later point in 
time, and thus the relative position of each signal at the later point in time. Two 
signals can thus be aligned by delaying one of the signals according to a delay 
constant representing the phase offset of the signal as encoded into the previous 
frame of its associated slave reference signal. Thus, according to the invention 
signal timings are detected in advance of the synchronizing event. The invention 
can be applied to synchronize reference signals in all formats, including NTSC, 
PAL, AES, MPEG-2, Timecode, Time of Day, ATSC, and HDTV. 
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In this fashion, for example, two television studios in different 
locations could be precisely synchronized using a GPS system, so that transmission 
from one to the other would be synchronous and signal timings would be known 
in advance 

The present invention thus provides a method of synchronizing one 
or more unrelated reference signals, comprising the steps of (a) implementing a 
counter to generate time code data representing time elapsed from an initial time 
point, (b) encoding the time code data into the reference signals, (c) calculating 
phase angles of the reference signals at a later point in time relative to phase 
angles of the reference signals at the initial time point based on Hme elapsed since 
the initial time point, and (d) delaying one or more of the reference signals to 
compensate for any phase offset calculated in step (c). 

The present invention further provides an apparatus for 
synchronizing one or more unrelated reference signals, comprising a master sync 
generator adapted to accept an absolute time reference as an input, comprising a 
counter for counting elapsed time from an initial time point and encoding a value 
representing said elapsed time into a master reference signal output by the master 
sync generator, and a plurality of slave sync generators each adapted to accept the 
master reference signal as an input, comprising calculation software for 
calculating relative phase angles of the unrelated reference signals at a later point 
in time based on time elapsed since the initial time point and generating an slave 
reference signal into which said time elapsed value is encoded. 

The present invention further provides a system for synchronizing 
one or more unrelated timing signals, comprising a master sync generator 
programmed with an initial reference time to function as absolute time reference 
comprising software for calculating relative phase angles of the unrelated 
reference signals at a later point in time based on elapsed Hme from the absolute 
time reference and generating time code data representing said elapsed time 
master sync generator being adapted to generate an output signal in which said 
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time code data is encoded, and a slave synchronizing generator for receiving the 
output signal from the master sync generator, comprising software for decoding 
the encoded time code data to synchronize said one or more unrelated timing 
signals. 

Brief Description of f,ie Drawings 

In draw ings which illustrate by way of example only a preferred 
embodiment of the invention, 

Figure 1 is a block diagram showing a preferred embodiment of an 
apparatus for aligning reference signals, 

Figure 2 is a timing diagram showing aligned information signals in 
NTSC, PAL, AES and MPEG-2 formats, 

Figure 3 is a schematic diagram showing the number of bits required 
to encode whole and fractional seconds for up to one year to picosecond accuracy, 

Figure 4 is a timing diagram showing the phase offset of a signal as 
calculated according to the method of the invention, and 

Figure 5 is a timing diagram showing absolute time data encoded on 
NTSC and PAL video signals. 

Detailed Description of the Invention 

The present invention provides a method and apparatus for 
synchronizing reference signals, and thereby aligning information signals 
associated with the reference signals, The signals may be in different formats 
and/or may originate from different locations. As used herein an "information 
signal" includes any signal which contains information in analog or digital form, 
for example currently standard video signals such as NTSC, PAL, MPEG-2, ATSC 
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and HDTV, and audio signals such as AES digital audio. The invention can be 
implemented in any case where information signals are to be aligned for 
superposition, combination, integration, etc. by a broadcasting facility, editing 
facility or the like. 

Figure 1 illustrates an apparatus according to the invention for 
encoding, by way of example, reference signals respectively associated with an 
NTSC video signal originating from a remote broadcasting source, its associated 
AES digital audio signal, and a PAL video signal originating from a separate 
remote broadcasting source which is at a different location. These signals are to be 
combined at receiving station, for example a broadcasting or editing facility, which 
may be at a different location from both video signal sources. 

The master generator 1C, which may be located at the receiving 
station, contains a crystal-controlled or other highly stable oscillator which 
generates a master reference signal A at a frequency which is a common multiple 
of the information signals. The master generator 10 preferably accepts an input 
from a time source, for example a highly stable computer reference such as an 
atomic clock or the Global Positioning System (GPS). Alternatively, the master 
generator 10 can run on its own internal oscillator using last known time 
information. 

The master reference signal A output by the master generator 10 can 
be in any format, including composite, component, analog, compressed digital or 
uncompressed digital. Preferably the master generator 10 outputs the reference 
signal A as colour black, due to its simplicity and constant Average Picture Level 
(APL) (ie. minimal variations in DC content). The master generator 10 
conventionally generates horizontal sync, vertical sync, colour reference, burst flag 
and blanking pulses and inserts these into the master reference signal A at the 
correct positions. 

According to the invention, the master generator 10 also reads time 



CA 022J93J7 1995-05-29 



-8- 

information from the absolute time input and periodically encodes this 
information into the master reference signal A as time code data, preferably such 
that APL is zero using, for example, AMI or another suitable coding scheme. The 
time code data can be encoded into any available portion of the reference signal A, 
for example in the case of NTSC or PAL reference signals on any unused line 
within the vertical blanking interval. The most convenient position for encoding 
the time code data will depend upon the type of signal being processed; in the case 
of an SDI reference the time code data can be encoded within the ancillary data 
spaces. 

To allow for calculation time and phasing of reference signals within 
slaved generators, the time code data is inserted on a line at the beginning of a 
field and its value corresponds to the next future synchronizing event, 
represented in Figure 5 as the instant tl. 

An arbitrary point in time is selected as an initial reference point, and 
all unrelated timing signals, clock edges and phase relationships are deemed to be 
in line at the initial reference point. The absolute time code data will be used to 
calculate the position of each information signal at any later point in time at 
which the information signals are to be integrated or combined, and thus to 
calculate the pahse offset of each signal relative to the other(s) so that 
compensating delays can be applied. 

As illustrated in Figure 3, 10 bits are required to calculate fractional 
seconds to a resolution of milliseconds, while 40 bits are required to calculate 
fractional seconds to a resolution of picoseconds; 25 bits are required to count 
seconds elapsed up to one year and extending this to 128 years would require 32 
bits. The output of the counter represents whole seconds and fractional seconds 
elapsed between the initial reference point and the point at which the 
synchronizing event occurs. 

The master reference signal A output by the master generator 10 
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forms an external clock i rerence for conventional slaved sync generators 20, 22, 
24 respectively associated with each of the information signals. The slave 
generators 20, 22, 24 each output a reference signal B, C, D in the format (ie. at the 
frequency of) its associated information signal with sync, burst flag etc. 
information aligned with that in the master reference signal A. 

The information signals are respectively locked to the slave reference 
signals B, C, D. The slave generators 20, 22, 24 each include calculating software 
that, each time a synchronizing event occurs between an information signal and 
its associated reference signal, determines the number of whole and partial cycles 
of the signal which have been generated between the initial time point and the 
synchronizing event. Since synchronizing events based on differences in 
frequency between the information signal and its associated reference signal are 
periodic, this information can be predicted in advance and encoded into the slave 
reference output B, C or D in the frame preceding the synchronizing event. 

The receiving station receives the information signals at slightly 
different times. A decoder decodes the time code data encoded into each reference 
signal, and responsive thereto a delay device such as a frame store, audio delay etc 
delays the information signal as necessary to align the signals as illustrated in 
Figure 5. 

The unrelated reference signals B, C, D, each encoded with absolute 
time code data as indicated above, can also be content-alignec by matching the 
time code data in each signal. Since the information signals were processed in 
sync with their respective reference signals B, C, D, the information signals can be 
perfectly content-aligned irrespective of the locations of the signal sources and any 
delay resulting from the signal path to the receiving station. 

For example, Figure 4 illustrates the relative phase offset of an NTSC 
subcarrier as calculated according to the method of the invention. An arbitrary 
initial time point of 00:00 hours GMT on April 1, 1997 is selected, and the relative 
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posirion of the signal is determined as at 17:00 hours on June 2, 1997. Since the 
frequency (or period) of the signal is known, the number of cycles and partial 
cycles that were generated between the initial time point and the later time poinr 
can be calculated using the number of seconds and fractional seconds between 
these two time points multiplied by by the frequency (or divided by the period) of 
the signal. 

1 he total number of picoseconds which have elapsed since the initial 
time point is 5.4468 x 1018 ps. Dividing this by the period of the subcarrier, which 
is 279365.0758 ps, provides the number of cycles and any fraction of a cycle 
generated since the initial time point. The relative phase offset between the signal 
at the initial time point and the later time point is indicated by the fractional cycle 
value, as illustrated in Figure 4. 

In the same fashion, a slaved sync generator can continuously 
calculate the relative timing of NTSC and PAL vertical sync pulses, as shown in 
Figure 5. An NTSC vertical sync pulse at instant tl is defined by a unique time 
code value, and the offset (t2-tl) of the PAI. vertical sync pulse can be precisely 
determined using the above calculation methodology. 

A preferred embodiment of the invention having been thus 
described by way of example only, it will be apparent to those skilled in the art that 
certain modifications and adaptations may be made without departing from the 
scope of the invention, as set out in the appended claims. 
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THE EMBODIMENTS OF THE INVENTION IN WHICH AN EXCLUSIVE 
PROPERTY OR PRIVILEGE IS CLAIMED ARE DEFINED AS FOLLOWS: 

1 A method of synchronizing one or more unrelated reference signals, 

comprising the steps of 

< a ) implementing a counter to generate time code data representing time 

elapsed from an initial time point, 

(b) encoding the time code data into the reference signals, 

(c) calculating phase angles of the reference signals at a later point in 
time relative to phase angles of the reference signals at the initial time point based 
on time elapsed since the initial time point, and 

(d) delaying one or more of the reference signals to compens^ for any 
phase offset calculated in step (c). 

2* An apparatus for synchronizing one or more unrelated reference 

signals, comprising 

a master sync generator adapted to accept an absolute time reference 
as an input, comprising a counter for counting elapsed time from an initial time 
point and encoding a value representing said elapsed time into a master reference 
signal output by the master sync generator, and 

a plurality of slave sync generators each adapted to accept the master 
reference signal as an input, comprising calculation software for calculating 
relative phase angles of the unrelated reference signals at a later point in time 
based on time elapsed since the initial time point and generating an slave 
reference signal into which said time elapsed value is encoded. 

3. A system for synchronizing one or more unrelated timing signals, 
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comprising 

a master sync generator programmed with an initial reference time 
to function as absolute time reference, comprising software for calculating relative 
phase angles of the unrelated reference signals at a later point in iime based on 
elapsed time from the absolute time reference and generating time code data 
representing said elapsed time, master sync generator being adapted to generate an 
output signal in which said time code data is encoded, and 

a slave synchronizing generator for receiving the output signal from 
the master sync generator, comprising software for decoding the encoded time 
code data to synchronize said one or more unrelated timing signals. 
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Figure t * Representative Node diagrams for Master and Slave reference generators. 
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